We present a census of Lyα emission at z 7 utilizing deep near infrared HST grism spectroscopy from the first six completed clusters of the Grism Lens-Amplified Survey from Space (GLASS). In 24/159 photometrically selected galaxies we detect emission lines consistent with Lyα in the GLASS spectra. Based on the distribution of signal-to-noise ratios and on simulations we expect the completeness and the purity of the sample to be 40-100% and 60-90%, respectively. For the objects without detected emission lines we show that the observed (not corrected for lensing magnification) 1σ flux limits reaches 5 × 10 −18 erg/s/cm 2 per position angle over the full wavelength range of GLASS (0.8-1.7µm). Based on the conditional probability of Lyα emission measured from the ground at z ∼ 7 we would have expected 12-18 Lyα emitters. This is consistent with the number of detections, within the uncertainties, confirming the drop in Lyα emission with respect to z ∼ 6. Deeper follow-up spectroscopy, here exemplified by Keck spectroscopy, is necessary to improve our estimates of completeness and purity, and to confirm individual candidates as true Lyα emitters. These candidates include a promising source at z = 8.1. The spatial extent of Lyα in a deep stack of the most convincing Lyα emitters with z = 7.2 is consistent with that of the rest-frame UV continuum. Extended Lyα emission, if present, has a surface brightness below our detection limit, consistent with the properties of lower redshift comparison samples. From the stack we estimate upper limits on rest-frame UV emission line ratios and find f CIV /f Lyα 0.32 and f CIII] /f Lyα 0.23 in good agreement with other values published in the literature.
INTRODUCTION
With the deployment of the wide field camera 3 (WFC3) on the Hubble Space Telescope (HST ) in 2009, the samples of galaxies at the epoch of reionization, the phase-transition from a completely neutral inter-galactic medium (IGM) to a fully ionized IGM at z 6, have grown dramatically. One of the main results of the WFC3 imaging campaigns has been the accurate determination of the luminosity function of star forming highredshift (based on their photometry) Lyman break galaxies (e.g. Bouwens et al. 2015b; Finkelstein et al. 2015b ). The UV luminosity functions of Lyman break galaxies have provided key constraints on the physics of reionization (e.g. Robertson et al. 2013; Schmidt et al. 2014a; Duffy et al. 2014) . For example, it is clear that the population of galaxies that has been detected so far cannot produce enough hard photons to keep the universe ionized. However, the luminosity function is found to have kbschmidt@aip.de a steep faint end slope (approximately φ ∝ L −2 ). Thus, faint galaxies could in principle provide enough ionizing photons (Bouwens et al. 2015a; Robertson et al. 2015; Barone-Nugent et al. 2015; Dressler et al. 2015) . even though a contribution from AGN might end up being necessary (Madau & Haardt 2015; Giallongo et al. 2015) .
Also ground based spectroscopic follow-up of photometrically selected high-redshift candidates has been an important part of these studies and has provided additional clues about the reionization epoch. Remarkably, only a handful of sources have been confirmed above redshift 7 Schenker et al. 2012 Schenker et al. , 2014 Ono et al. 2012; Finkelstein et al. 2013; Oesch et al. 2015; Roberts-Borsani et al. 2015; Zitrin et al. 2015b) . The low probability of detecting Lyα in Lyman break galaxies, could be interpreted as the result of an increased optical depth in the IGM due to a significant fraction of neutral hydrogen. Thus the decline in detected Lyα is potentially a "smoking gun" of reionization (Fontana et al. 2010 ). The conditional probability of Lyα emission for Lyman break galaxies is potentially a powerful probe of the physics of the intergalactic and circumgalactic media an their neutral fraction at these redshifts (Dijkstra et al. 2011; Jensen et al. 2013; Dijkstra 2014; Mesinger et al. 2015) , provided that large enough spectroscopic samples can be gathered (Treu et al. 2012 (Treu et al. , 2013 Pentericci et al. 2014; Tilvi et al. 2014) .
Currently, progress is limited by the available near infrared (NIR) spectroscopy at z > 6 and the paucity of sources with confirmed Lyα emission at z 7. Many efforts are underway to increase the spectroscopic samples (Vanzella et al. 2009 (Vanzella et al. , 2014a Pentericci et al. 2011 Pentericci et al. , 2014 Caruana et al. 2012 Caruana et al. , 2014 Bradač et al. 2012; Treu et al. 2012 Treu et al. , 2013 Balestra et al. 2013; Tilvi et al. 2014; Schenker et al. 2014; Faisst et al. 2014; Karman et al. 2014; Oesch et al. 2015; Watson et al. 2015; Zitrin et al. 2015b; Hoag et al. 2015) , although progress from the ground is fundamentally limited by the Earth's atmosphere.
In this paper, we report on a spectroscopic study of 159 photometrically selected galaxies at z 7 in the first six fields targeted by the Grism Lens-Amplified Survey from Space (GLASS; P.I. T. Schmidt et al. 2014b; Treu et al. 2015) . By combining HST 's NIR slitless spectroscopic capabilities with the power of the gravitational magnification by foreground massive galaxy clusters, we carry out the largest survey of Lyα emission at z 7 to date. We reach 1σ line sensitivities of order 5 × 10 −18 erg/s/cm 2 over the wavelength range 0.8−1.7µm, uninterrupted by sky emission or absorption. Including the lensing magnification, µ, of the individual sources, these sensitivities improve by a factor of µ, to intrinsic depths which are unreachable without the lensing of the foreground clusters. Hence, as will become clear in the following, GLASS is providing a unique view of the intrinsically fainter emitters, complementary to the bright spectroscopically confirmed Lyα emitters recently presented by Oesch et al. (2015) ; Roberts-Borsani et al. (2015) and Zitrin et al. (2015b) . We introduce humanbased and automated procedures to identify and quantify the significance of the lines and estimate the purity and completeness of the sample. After correcting our statistics for incompleteness and impurity we compare them with predictions of simple phenomenological models of the Lyα emission evolution. We stack the detections to obtain the first constraint on the spatial distribution of Lyα at these redshifts, as well as limits on the Lyα/CIV and Lyα/CIII] line ratios.
The paper is organized as follows. In Section 2 we briefly summarize the GLASS dataset. In Section 3 we introduce our photometric selections and the GLASS grism spectroscopy of sources at z 7. In Section 4, 5, and 6 we describe the measurement of flux and equivalent widths of the features identified as Lyα, and estimate the sample completeness and purity. In Section 7 we describe a few interesting cases in detail, and discuss the implications these could lead to in Section 8. In Sections 9 and 10 we stack the most convincing line emitters to look for CIV and CIII] emission, estimate the spatial extent of Lyα at z = 7.2 and compare it with simulated z ∼ 7.2 galaxies from the LARS sample, before we conclude our study in Section 11.
AB magnitudes (Oke 1974; Oke & Gunn 1983 ) and a standard concordance cosmology with Ω m = 0.3, Ω Λ = 0.7, and h = 0.7 are adopted throughout the paper.
THE GLASS DATA AND DATA REDUCTION
GLASS is a 140 orbit slitless spectroscopic survey with HST observing 10 massive galaxy clusters including the 6 Hubble Frontier Fields clusters (P.I. J. Lotz, HFF) and 8 of the CLASH clusters (P.I. M. Postman; Postman et al. 2012) . Taking advantage of the gravitational lensing of the GLASS clusters, the GLASS grism spectroscopy reaches flux limits of background sources otherwise unreachable with the same exposure time. An overview of GLASS and its science drivers is given in the first paper of this series . One of the key science drivers of GLASS is to study how and when galaxies reionized the Universe, taking advantage of this lens-improved depth and emission line detection limit. Here we present the first results of this study.
As part of GLASS the core of each cluster has been observed using the HST NIR WFC3 G102 and G141 grisms. Each grism exposure is accompanied by a shallower direct image exposure in F105W or F140W to optimize alignment and extraction of the reduced grism spectroscopy. The GLASS observations are split into two distinct position angles (PAs) roughly 90 degrees apart. This is done to minimize the number of objects severely affected by contaminating flux from neighboring objects, and to improve the identification of emission lines. The GLASS data were taken following the observing strategy of the 3D-HST survey. The images and spectra are reduced using an updated version of the 3D-HST pipeline (Brammer et al. 2012; Momcheva et al. 2015) . The individual grism exposures are aligned and combined using the AstroDrizzle software from the DrizzlePac (Gonzaga et al. 2012 ) and tweakreg. The grism backgrounds are subtracted using sky images from Kümmel et al. (2011) and Brammer et al. (2012) . The direct images are sky-subtracted by fitting a 2nd order polynomial to the background. After alignment and skysubtraction the final mosaics are interlaced to a grid of roughly 0. 06 × 12(22)Å per pixel for the G102(G141) grisms. Before sky-subtraction and interlacing the individual exposures were checked and corrected for backgrounds affected by the Helium Earth-glow described by Brammer et al. (2014) (see Treu et al. 2015, for details) .
The individual spectra of objects detected by SExtractor (Bertin & Arnouts 1996) in the direct detection image mosaics, are then extracted from the grism mosaics, using the information about the grism dispersion properties provided in the grism configuration files. Flux-contamination from neighboring objects is taken into account when extracting the spectra. For the current study, we generated direct image segmentation maps using combined NIR mosaics, including the ancillary CLASH imaging, for source detection and alignment. Note that in this way, by predicting the location of the spectral traces from the grism configuration files based on a detection in the ancillary detection images, it is possible to extract spectra for objects (just) outside the grism field-of-view.
For further information on GLASS we refer the reader to Schmidt et al. (2014b) ; Treu et al. (2015) and http: //glass.astro.ucla.edu.
SAMPLE SELECTION AND SPECTROSCOPY
The sample of high-redshift galaxies analyzed in this study are selected behind the first 6 completed GLASS clusters Abell 2744, MACS J0717.5+3745, MACS J1423.8+2404, MACS J2129.4-0741, RXC J1347.5-1145, and RXC J2248.7-4431. We make use of HFF images for A2744, the first HFF cluster with complete GLASS and HFF coverage. The remainder of the GLASS/HFF sample will be analyzed and published after the completion of the HFF imaging campaign. In Figure 1 the color images of these six clusters are shown with the two 90-degrees separated GLASS pointings indicated by the magenta polygons. In the following we describe the photometric pre-selection of the spectroscopic samples shown by the colored circles in Figure 1 .
Pre-Selection of Spectroscopic Sample
We assembled an extensive list of Lyman break galaxy candidates at z 7 including both existing samples published in the literature and photometric samples selected through multiple color-selections and photometric redshift estimates using the ancillary (NIR-based) CLASH photometry. The applied selections and literature samples considered are:
1: The Lyman break galaxies at z > 7 investigated by Zheng et al. (2014) .
2: The dropouts and multiple imaged sources presented by Ishigaki et al. (2015) .
3: The z > 6 dropouts and multiple imaged systems presented by Atek et al. (2014) and Atek et al. (2015) .
4-8: F814W-, F850LP-, F105W-, F110W-, and F125W-dropouts, selected using the color criteria presented by Huang et al. (2015) . The selections use HST photometry only. A small subset of candidates have IRAC detections that support the photometric redshift solutions at z 7. See Huang et al. (2015) for details.
9: The components of the geometrically supported redshift 10 candidate multiply imaged system presented by Zitrin et al. (2014) 10: The z ∼ 8 candidate presented by Laporte et al. (2014) .
11: The multiply imaged systems from Lam et al. (2014) above z = 6.5, i.e., systems 17 and 18.
12: High-redshift candidates from Huang, Hoag, and Bradač selected as part of follow-up efforts carried out with DEIMOS and MOSFIRE on Keck.
13-14: z-and Y-band dropouts following Bouwens et al. (2011) , where bands blue-wards of the z/Y band were required to have S/N< 2.
15: z-band dropouts selected following Bouwens et al. (2012) . Again, bands blue-wards of the z band were all required to have S/N< 2.
16: JH 140 dropouts using the criteria described by Oesch et al. (2013) . We also searched for YJ and 4,5,6,7,8 1,2,3,9,10,11 11 MACS0717 4,5,6,7,8,12,13,14,15,16,17,18 19 13 MACS1423 4,5,6,7,8,13,14,15,16,17,18 · · · 11 MACS2129 4,5,6,7,8,13,14,15, 16,17,18 19 12 RXJ1437 4,5,6,7,8,13,14,15,16,17,18,20,21 19 14 RXJ2248 4,5,6,7,8,13,14,15,16,17,18 19 12 J 125 dropouts following Oesch et al. (2013) , but none of these candidates passed our visual inspections, and were therefore not included in any of our final samples.
17: A slightly modified (using F105W instead of F098M) version of the BoRG z ∼ 8 Y-band dropout selection (Trenti et al. 2011; Bradley et al. 2012; Schmidt et al. 2014a) .
18: Galaxies with photometric redshifts z phot > 6.5 estimated with the photometric redshift code EAzY (Brammer et al. 2008 ) run on the CLASH photometry of the CLASH clusters in the sample (all but Abell 2744).
19: The CLASH SED-selected z 7 Lyman break galaxies from Bradley et al. (2014) . 20-21: Conservative Photometric selections based on the CLASH F850LP, F110W, F125W and F160W photometry. All objects from the photometric selections were visually inspected to weed out contaminants and secure clean non-detections in bands blue-wards of F850LP.
To summarize, selections 1-3, 9-11, and 19 are all taken from the literature. The images of all objects passing the color and spectral energy distribution selections applied to the ancillary photometry by our team (selections 4-8, 12-18, and 20-21) were visually inspected to remove hot pixels, diffraction spikes, and edge defects from the samples. We have tabulated this summary in Table 1 .
We split the photometric samples into a 'Gold' and 'Silver' sample according to the number of times each object was selected. Our Gold sample consist of objects picked up by 2 or more of the above selections. The Gold and Silver samples were furthermore split in an emission line ('EL') and non-emission line sample as described in Section 3.3 below.
The apparent over-density of high-redshift objects in Abell 2744 seen in Figure 1 is caused by the increased depth of the HFF imaging on Abell 2744 compared to the CLASH mosaics, and the extra attention on Abell 2744 this has caused. A similar improvement in sample size is expected for the remaining 5 HFF clusters in the GLASS sample, when their completed HFF photometry is available. We will present these samples in a future publication, when all HFF data will be available on the GLASS clusters.
The final samples of objects are listed in Tables 2 and  3 . The 'N Sel. /N tot ', 'Sel.', and 'z Sel. ' columns list the .5-1145, and RXC J2248.7-4431. Next to each panel the individual images used to generate the blue, green and red channels of the color composites are listed. The magenta polygons mark the field-of-view of the two 90-degrees separated GLASS pointings. The circles mark the location of the z 7 objects described in Section 3. The orange and gray circles mark the 'Gold' and 'Silver' objects from Table 2 . The green and red circles show the location of the 'Gold EL' and 'Silver EL' objects presented in Table 3 . The redshift distributions of these sources are shown in Figure 3 . Note that objects immediately outside the GLASS field-of-view (MACS J1423.8+2404 in the center left panel) can still be recovered and extracted in the grism observations thanks to their detection in the ancillary CLASH imaging. The apparent over-density of high-redshift objects in Abell 2744 (top left) is caused by the increased depth (compared to the CLASH imaging) of the completed HFF data on Abell 2744. A similar improvement in sample size is expected for the remaining 5 HFF clusters in the GLASS sample.
number of selections finding a given object out of the total N selections from Table 1 , which selections include the object, and the mean redshift of the selection(s), respectively. The 'Sample' column lists what sample the objects belong to.
Note that the photometric selections described in this section, should not be treated as truly independent selections, as they are all based on essentially the same data, very similar photometry (if not identical) and overlapping selection regions in color space probing the Lyman break, which is also what the photometric redshift selections are sensitive to when searching for high redshift galaxies.
Purity and Completeness of Photometric Samples
Photometrically selected samples of high-redshift galaxies are know to be both incomplete and contaminated by low-redshift sources. The incompleteness is usually a consequence of searching for high-redshift galaxies at the detection limits of the imaging data, and in the low-S/N regime. Photometric interlopers and contaminants occur as objects mimick the colors of high-redshift galaxies. In particular the rest-frame 4000Å break in star forming galaxies is know to contaminate Lyman break galaxy samples, as the resulting colors from a 4000Å break are very similar to the ones obtained from a Lyman Break. Also spurious sources and cool dwarf stars are known to mimic the colors of high-redshift galaxies and contaminate Lyman break samples. For detailed discussions on high-redshift galaxy sample contaminants we refer to, e.g., Dunlop (2013) ; Coe et al. (2013) ; Wilkins et al. (2014); Finkelstein et al. (2015b) or Bouwens et al. (2015b) . As is the case for the completeness of highredshift samples, the contamination is often a results of lacking depth of the photometry, in particular bluewards of the Lyman break where non-detections are required, as exemplified by a few HST sources by Laporte et al. (2015) . Estimated contamination fractions in highredshift samples range from ten percent to over forty (e.g. Malhotra et al. 2005; Stanway et al. 2003; Schmidt et al. 2014a) . As the Silver sample objects were only picked up by one photometric selection, we note that these objects must be considered having a higher risk of being low-z contaminants. Irrespective of the type and cause of the contamination and lack of completeness, when performing inference using photometrically selected high-redshift galaxy samples, both the contaminants, i.e. the purity, and the completeness need to be properly accounted for. This is often done via visual inspection (to remove contamination from stars and spurious sources) and simulations (e.g., Oesch et al. 2007 Oesch et al. , 2012 Bouwens et al. 2011) . In the present study we focus on the spectroscopic line emitter samples presented in Section 3.3, and the completeness and purity of the photometric pre-selection does therefore not affect our measurements, given that all the sources have detected line emission. We do have to worry about contamination by low-redshift line emitters, however, As we will describe in Section 7, emission line galaxy samples are potentially contaminated by, e.g., low-redshift [OII]λ3727 emitters. Broad wavelength coverage to confirm non-detections of other low-z emission lines and high-resolution spectroscopy to resolve line morphology of individual lines can be used to account for this contamination, as we will show in Section 7.
Finalizing the Spectroscopic Samples
We extracted the GLASS spectra of all candidates in the Gold and Silver samples detected in the NIR detection image mosaics (cf. Section 2). Faint photometric candidates from the literature (from high redshift candidate searches including HFF data on Abell 2744), that were not detected in our NIR mosaics, where not extracted, and are therefore not included in Tables 2 and  3 . As noted, we will present these sources in a future publication.
The extracted GLASS spectra were visually inspected using the publicly available GLASS inspection GUIs GiG and GiGz (see Appendix A of Treu et al. 2015 , and https://github.com/kasperschmidt/ GLASSinspectionGUIs) by 3-4 GLASS team members (KBS, TT, MB, BV and LP) to identify emission lines. The wavelength of any potential (Lyα) emission was noted and subsequently compared to the other independent inspections. If an emission line was marked by 2 or more inspectors (within ±50Å) the object was reinspected by KBS and TT. The candidates deemed to be real upon re-inspection constitute the emission line sample presented in Table 3 . In summary, we have assembled a total of 159 unique high-z galaxies with redshifts 7 and GLASS spectroscopy in the G102 and G141 grisms. Of these, 55 are found in at least two different pre-selections (Gold) out of which 8 have emission lines consistent with Lyα (Gold EL). A total of 104 objects were only selected by one pre-selection (Silver). Of these 16 have promising lines consistent with Lyα (Silver EL). In Figure 2 we show four examples of emission line objects detected in the GLASS data. Each of the four panels shows the spectra from the two distinct GLASS PAs with the location of the emission line marked by the white circles.
As illustrated by the emission line wavelengths listed in Table 3 , the emission lines were not visually identified in both PAs in the majority of the objects. If the contamination model was perfect, the exposure times were identical and the background level was constant in the data from the two different PAs, the signal-to-noise (S/N) of any detected lines should be the same in the two GLASS spectra. However, given the varying background from the Helium Earth-glow mentioned in Section 2 (which changes the effective exposure time by up to 13% between PAs), the change in the contribution to the background from the intra-cluster light in the two dispersion directions, and residuals from subtracting the contamination models (causing larger flux uncertainties and altered background levels), it is not surprising that several of the moderate S/N line detections are only seen in one PA. We consider objects with lines clearly detected in both PAs like MACS2129 00677 shown in Figure 2 to be particularly strong line emitter candidates.
To our knowledge the only spectroscopically confirmed object in our sample of z 7 sources is RXJ1347 01037 at z = 6.76 , which we will describe in more details in Section 7.
At redshifts just below 6.5 (and therefore not included in the samples described here) a few objects have been spectroscopically confirmed. In Appendix A we describe 
Note. -The 'Cluster' column lists the cluster the objects was found in. 'ID GLASS' designates the ID of the object in the GLASS detection catalogs. Note that these
IDs are not identical to the IDs of the v001 data releases available at https://archive.stsci.edu/prepds/glass/ presented by Treu et al. (2015) , as a more aggressive detection threshold and de-blending scheme was used for the current study. 'ID Ancillary' lists the ids from the ancillary A2744 HFF+GLASS and CLASH IR-based photometric catalogs. 'R.A.' and 'Dec.' list the J2000 coordinates of each object. 'P.A.' lists the position angle of the two GLASS orientations (the PA V3 keyword of image fits header). The 'Sample' column indicates what sample the object belongs to. 'N sel /N tot ' list the number of photometric selections picking out each object and the total number of selections applied to the data set from Table 1 . The actual selections listed in the 'Sel.' column are described in Section 3. The z Sel. column lists the median redshift of the N Sel. selections containing the object. 'F140W' lists the AB magnitude of the objects. The f 1σlimit column quotes the line flux limit for the emission lines obtained as described in Section 4. The µ column gives the magnifications of the HFF clusters obtained as described in Section 4. The complete Silver sample is available upon request. RXJ1347 01037 has a confirmed redshift from the GLASS spectra and from Keck DEIMOS as described in Section 7.1. Its GLASS spectra are shown in Figure 6 . † Object had no good counterpart (r match > 1. 0) in the default photometric catalog, so its magnitude comes from a more aggressive (with respect to de-blending and detection threshold) re-run of SExtractor. Objects searched for CIII]λ1909 by Zitrin et al. (2015a) as described in the text. Note. -The 'Cluster' column lists the cluster the objects was found in. 'ID GLASS' designates the ID of the object in the GLASS detection catalogs. Note that these IDs are not identical to the IDs of the v001 data releases available at https://archive.stsci.edu/prepds/glass/ presented by Treu et al. (2015) , as a more aggressive detection threshold and de-blending scheme was used for the current study. 'ID Ancillary'
lists the ids from the ancillary A2744 HFF+GLASS and CLASH IR-based photometric catalogs. 'R.A.' and 'Dec.' list the J2000 coordinates of each object. 'P.A.' lists the position angle of the two GLASS orientations (the PA V3 keyword of image fits header). The 'Sample' column indicates what sample the object belongs to. 'N sel /N tot ' list the number of photometric selections picking out each object and the total number of selections applied to the data set from Table 1 . The actual selections listed in the 'Sel.' column are described in Section 3. The z Sel. column lists the median redshift of the N Sel. selections containing the object, followed by the Lyα redshift for the emission line. 'F140W' lists the AB magnitude of the objects. The column 'λ lines ' lists the wavelength of the detected emission lines. The equivalent width of the Lyα emission lines is given in EW Lyα . f line and f 1σlimit quotes the line flux and the flux limit for the emission lines obtained as described in Section 4. The µ column gives the magnifications of the HFF clusters obtained as described in Section 4. In columns containing two values separated by a comma, the individual values refer to the corresponding PAs of the GLASS data listed in the column PA As described in Section 7.3 these two objects are potential low-redshift contaminants. † The particularly interesting redshift 8.1 candidate MACS2129 00899 is discussed in detail in Section 7.2. Object's G102 grism spectra at the two GLASS PAs are shown in Figure 2. • Object is included in the Atek et al. (2014) sample. After updating the photometry in Atek et al. (2015) the object no longer satisfy their selection criteria. Even though, the detected emission line in the GLASS spectra agrees well with the photometric redshift, the fact that updated (optical) photometry dis-regards this object as a z > 6 source speaks in favor of the object being a contaminating low-redshift line emitter. Spectroscopic follow-up is needed to confirm this.
Fig. 2.-Examples of GLASS spectra for 4 out of the 24 z 7 emission line objects listed in Table 3 . For each object the G102 spectrum at both of the GLASS PAs are shown. The assumed Lyα redshift and the selection redshift from Table 3 are quoted above each panel. The circles mark the location of the emission lines. All spectra have been subtracted the contamination model from the GLASS reduction.
the two known spectroscopically confirmed multiple imaged systems at z = 6.1 (Boone et al. 2013; Balestra et al. 2013 ) and z = 6.4 (Vanzella et al. 2014b ).
The Gold, Gold EL, Silver, and Silver EL objects are marked by the orange, green, gray, and red circles on each of the color composites shown in Figure 1 . The redshift distributions of the samples are shown in Figure 3 . Here the mean redshift of the selection(s) is used for the Gold and Silver samples (Table 2) , whereas for the Gold EL and Silver EL samples (Table 3) we use the redshift corresponding to the emission line wavelengths listed in the 'λ lines ± 50Å' column.
FLUX LIMITS AND EQUIVALENT WIDTHS
To quantify the emission line detections and nondetections, we estimate the line fluxes, emission line restframe equivalent widths, and the 1σ line flux sensitivities.
The rest-frame equivalent widths defined by
were estimated based on the extracted two-dimensional spectra. The 'integrated' line flux, f line , was estimated in two-dimensional ellipsoidal apertures adjusted for each individual object based on the extent of the line and the contamination (subtraction residuals) optimizing S/N and is given by
where E line refers to the number of pixels in the ellipsoidal aperture used to enclose the line. For the EL samples, E line has a median size of 66 pixels. The line flux is corrected for background (and contamination) over/under subtraction, mainly due to the intra-clusterlight which varies strongly across the field-of-view, by adjusting the fluxes by the median background flux per pixel in a 'background aperture' defined around the emission line for each spectrum, f bck . An example of the line and background apertures used for RXC J1347.5-1145 00627 is shown in Figure 4 . In equation (1) f cont. is the continuum level estimated from the ancillary broad band photometry given by
with m AB being the F140W broadband magnitude.
We estimate 1σ flux limits using the same approach, but replacing f line in equation (1) with the uncertainty on the integrated flux given by
From the individual GLASS spectra we estimated the 1σ flux limits for the Gold and Silver samples in Table 2 . The 1σ flux sensitivities were estimated using a spectral extraction aperture of roughly 5 (spatial) by 3 (spectral) native pixels which corresponds to ∼0.6 ×100Å similar to what was used by Schmidt et al. (2014b) , and were calculated at the wavelength of the mean redshift of the photometric selections given in the 'z sel. ' column in Table 2. All spectra were subtracted a model of the contamination prior to estimating the flux limit and correcting the background offset. In a few cases the spectra were hampered by severe contamination and the model subtraction was not ideal. These flux limits are potentially affected by the contamination level, despite our attempt to account for any offsets by adjusting the background of each individual spectrum.
By estimating the 1σ flux limits stepping through the full wavelength range of the G102 and G141 grisms, we estimate the line flux sensitivity of the GLASS spectra as shown for the Gold sample in Figure 5 . These limits are in good agreement with the preliminary curves shown by Schmidt et al. (2014b) and show that each spectrum reaches roughly 5 × 10 −18 erg/s/cm 2 over the G102 Tables 2 and 3 . In both panels, the distributions are stacked to show the total number of sources in each bin. For the Gold and Silver sample the redshift from the photometric selection(s) is used, whereas the redshifts for the EL samples correspond to the redshifts of the emission lines listed in Table 3 , assuming that they are Lyα. and G141 wavelength range. Combining the spectra of each object from the two individual GLASS PAs further strengthens this limit to ∼ 3.5 × 10 −18 erg/s/cm 2 (a factor of √ 2 better). These limits have not been corrected for lensing magnification, which will further improve the intrinsic (as opposed to observed) flux sensitivity by a factor µ. The lensing magnification for each object obtained from the HFF lensing web tool 1 for the HFF clusters is tabulated in the µ columns of Table 2 and 3. Here we list the median lensing magnification from the available models. The quoted uncertainties correspond to the range of models, ignoring the maximum and minimum magnification, which essentially corresponds to the 68% (∼ 1σ) range. In this way, these errors minimize the effect of outliers and catastrophic error estimates in the lensing models.
As the Lyα emission is expected to be more extended than the continuum flux (e.g., Steidel et al. 2011; Finkelstein et al. 2011; Laursen et al. 2011; Matsuda et al. 2012; Momose et al. 2014; Wisotzki et al. 2015) it is useful to also estimate the limiting flux for a larger aperture of, e.g., 10 (spatial) by 6 (spectral) native pixels. In this Table 2 . The dashed and dotted lines show the 68% and 95% spread of the limits for the individual spectra, whereas the thick solid line shows the median 1σ sensitivity. The limits have not been corrected for the lensing magnification of each object, µ, listed in Table 2 . Including the lensing magnification will improve the line flux sensitivity by a factor µ. The gray curves correspond to the line flux sensitivity of 25 (to avoid over-crowding the plot) individual spectra from a single PA. Combining the spectra from the two GLASS PAs for each object further decreases the noise level by a factor √ 2 at all wavelengths.
case the 1σ flux sensitivities of the GLASS spectra shown in Figure 5 essentially becomes shallower by a factor of roughly 60pixels/15pixels = 2. For the Gold EL and Silver EL samples we give the equivalent width together with the measured line fluxes in Table 3 . These were estimated in rest-frame assuming that the detected features in the GLASS spectra are Lyα. The assumed Lyα redshift is given in parenthesis after the z Sel. redshift in Table 3 and the distribution is shown in the right panel of Figure 3 .
AUTOMATED LINE DETECTION IN THE GLASS

SPECTRA
To complement the visual inspection described above, we performed an automated line search, utilizing the newly developed Bayesian statistical line detection framework described by Maseda et al. (2015) . The fundamental assumption of the framework is that the morphology of the emission line follows the NIR morphology of the object determined by the direct images measured in overlapping filters. The likelihood of the observed two-dimensional spectra given a line flux, is then estimated based on a noise model. Assuming a uniform prior for the fraction of continuum flux in the line A = f emission line /f rest-frame UV image , this yields the posterior distribution function for the presence of a line at any given wavelength. The fraction A is allowed to be negative, so the probability p(
p(A)dA calculated at λ gives the probability of the existence of an emission at that wavelength. For more details on the Bayesian line detection software we refer the reader to Maseda et al. (2015) .
We applied the Maseda et al. (2015) framework to the Silver, Gold, Gold EL, and Silver EL samples. For each object, this resulted in four (two grisms × two PAs) probability curves for the detection of lines at each wavelength. We combined these four curves to a single probability profile by calculating
where the product is over the i spectra at the given wavelength. By allowing for small shifts (< ±25Å) in wavelength of each curve, maximizing the 2σ peaks of p comb. (A > 0), we account for any uncertainties in the GLASS reduction wavelength solutions. All individual and combined p-curves were searched for high-significance peaks and visually inspected at λ = 8500 − 16500Å. Spurious line detections from contamination subtraction residuals and at the low-sensitivity edges of the spectra were discarded. In Table 6 of Appendix B we have listed the maximum probabilities around the visually identified lines from Table 3,
STATISTICAL ANALYSIS OF THE LYα DETECTIONS
In this section we aim to assess the statistical properties of the sample of Lyα detections in comparison with those found by other studies and the numbers predicted by theoretical models. In order to carry out this comparison, we first estimate the completeness and purity of our Lyman break galaxy samples with Lyα detections, as described in Section 6.1. Then, in Section 6.2, we present the comparison. We note that the varying depth of the ancillary data and the different photometric preselections used to assembled the Gold and Silver samples, do not affect the statistical analysis of the line emitters presented in this section. As long as we have a homogeneous limit in flux for the emission lines, the statistics are unaffected by the pre-selections.
Completeness and Purity of Visually Selected
Emission Line Samples The automated procedure described in the previous section allows us to estimate how many high-significance emission lines were missed by the visual inspection. Of course this estimate of completeness only applies to the line emission with morphology well described by that of the continuum. Lines that are significantly more extended, compact, or offset with respect to the continuum might have lower significance and thus be missed by both the automated and visual procedure or identified only by the visual procedure. As we will discuss further in Section 7, we are certain that some emission lines have not been picked up by our conservative visual inspection, since at least one Gold object, RXJ1347 01037, has been confirmed to be a Lyα emitter by follow-up spectroscopy, while it had only been identified by one visual inspector and is therefore not included in the Gold EL sample. Conversely, we expect the visual inspection procedure to pick up Lyα offset from the continuum emission which (by definition) will be missed by the automatic line detection. Such offsets are seen at both lower (Shibuya et al. 2014 ) and higher redshift (Jiang et al. 2013) and are therefore expected at these redshifts, and indeed we may have observed this in the case of MACS2129 00899 which is also discussed in Section 7. The feature in MACS2129 00899 has a low p-value (cf. Table 6), even though it is clearly detected in the G102 grism (see Figure 7) . However, as it is somewhat offset from the continuum and its morphology is different, we do not expect to pick it up with the automated detection software.
We can also estimate the purity, i.e. one minus the fraction of contaminants 2 , of the visual emission line sample by using the same automated detection software (Maseda et al. 2015) . By running the code on parts of sky where there are no photometrically detected dropouts we estimate how many contaminants to expect, including both noise spikes and pure line emitters with no continuum. In practice, in order to mimic the data quality as closely as possible, for each dropout we ran the line detection software on a trace offset 10 pixels above and 10 pixels below the main target, along the spatial direction. We counted the occurrence of 3σ detections. We find spurious detections above 3σ in 4/26 of the offset traces in the spectra of the 26 objects suitable for this test (spectra clean from contamination subtraction residual and defects in the center as well as in the offset traces). Conservatively, we assume that those are true false positives, even though some might be true emissions lines, associated with objects that are too faint in the continuum to be detected in our images.
By carrying out the calculations described in detail in Appendix C, based on the output of the automated detection software, we can estimate our visual completeness and purity. For the Gold sample, the 3σ completeness (i.e. how many of the actual line emitters with flux above the threshold, we identify) is in the range 40-100%, while the purity is in the range 60-90% (i.e. 10-40% of the line detections are spurious). For the Silver sample the completeness and purity are the same within the uncertainties (40-100% and 65-90%, respectively). Deeper spectroscopic follow up is needed to improve these estimates.
Statistics of the Lyα Emitters
Armed with estimates of the completeness and purity derived in the previous section we can proceed with a statistical comparison of our sample to the expectations based on previous work. Before carrying out the comparison, we emphasize that the sample size of line emitters is relatively small and the completeness and purity estimates are uncertain, and therefore no strong conclusions can be drawn at this stage. Furthermore, given the heterogeneity of the photometric selection it is premature to carry out a detailed inference of the Lyα optical depth based on the individual properties of each object, as described by Treu et al. (2012) . We thus leave a detailed analysis for future work, when the full GLASS dataset combined with the full depth HFF images (and Spitzer IRAC photometry) have been analyzed to allow for a homogenous photometric pre-selection.
The model presented by Treu et al. (2015) allows us to estimate how many Lyα emitters we would have expected to detect in the six GLASS clusters, given the detection limits presented in this paper. Briefly the model adopts the Mason et al. (2015) luminosity function for the UV continuum, associates Lyα to the UV magnitude following the conditional probability distribution function inferred by Treu et al. (2013) and Pentericci et al. (2014) at z ∼ 7, and then accounts for the effects of cluster magnification by randomly generating sources in the source plane and lensing them through actual magnification maps. Based on the model, we expect to detect 2-3 Lyα lines per cluster at z 7 with flux above 10 −17 erg/s/cm 2 (our 3σ limit for galaxies imaged at two position angles). Thus for six clusters we would have expected roughly 12-18 3σ detections. The Gold EL sample consists of 8 detections and the Silver EL sample contains 16 additional detections. Formally 3 and 9 of these emission lines are 3σ detections cf. Table 3 ). In Table 4 we summarize the expected sample sizes of true Lyα emitters applying the estimated completeness and purity corrections described above with and without poisson statistics on the samples (cf. Gehrels 1986). We consider both a pessimistic scenario using the lower bounds of both the completeness and purity ranges ("Low C & P" column), and a more optimistic scenario using a completeness of 100% and a 90% purity of our samples ("High C & P" column).
From Table 4 it is clear that a quantitative comparison is very difficult to make, and depends strongly on the level of contamination and purity of the samples. However, in summary the formal 3σ Gold EL sample is below the expected number of line emitters. The combined 3σ sample Silver EL+Gold EL agrees with the expected number of line emission within the 68% and 95% confidence levels, as does the majority of the 3σ Silver EL sampled and the individual samples when all line detections, irrespective of S/N, are included. It is encouraging that the numbers are in rough agreement with the model calibrated on previous measurements, indicating that we are not grossly over or under-estimating the number of contaminants and the incompleteness. Better defined photometric selections and more spectroscopic follow-up is needed before any firm conclusions can be drawn. In a year or two, with better data in hand, it will be possible to carry out a detailed statistical analysis as outlined by Treu et al. (2012) , and reach quantitative conclusions.
We conclude that our results are consistent with the predictions of simple empirical models based on previous measurements of the Lyα emission probability at z ∼ 7. Therefore, our findings are consistent with previous work, that shows that the probability of Lyα emission is lower at z 7 than at z ∼ 6 (e.g., Pentericci et al. 2011 Pentericci et al. , 2014 Schenker et al. 2012 Schenker et al. , 2014 Treu et al. 2013; Tilvi et al. 2014; Caruana et al. 2014 ). In the future, larger samples, deep spectroscopic follow-up and a homogenous photometric pre-selection will allow us to reduce the uncertainties and hopefully separate the sample in z ∼ 7 and z ∼ 8 candidates.
NOTE ON FOUR INDIVIDUAL OBJECTS
In the following we describe RXJ1347 01037 which has been independently confirmed to be a galaxy at z = 6.76 with Keck DEIMOS spectroscopy, MACS2129 00899, a very promising z = 8.1 candidate, and the two potential z ∼ 10 objects from table 3 MACS1423 01018 and RXJ2248 00404 which are possible low-redshift contaminants.
7.1. RXJ1347 01037 RXJ1347 01037 has been independently confirmed to be a line emitter from Keck-DEIMOS observations as presented by Huang et al. (2015) . They detect emission at ∼ 9440Å.
RXJ1347 01037 is in our photometric Gold sample. It does not appear in the Gold EL, as the line was marked by only one inspector (at ∼ 9440Å in the G102 grism at both PAs). Figure 6 shows all four GLASS spectra of RXJ1347 01037 with the emission line marked in the G102 spectra.
In the Keck-DEIMOS spectrum the blue side of the line falls on a sky line residual. Hence, even though the DEIMOS spectrum would resolve the [OII] doublet at z = 1.53, the identification of the feature as Lyα at z = 6.76 from Keck is not fully conclusive (even though the asymmetric line profile is consistent with it). Unfortunately, in the GLASS spectra the resolution is too low to resolve the doublet.
However, GLASS can confirm the line identification as Lyα by virtue of its NIR spectral coverage. If the detected line were [OII]λ3727, we would expect to see [OIII] λ5007 emission, based on typical line ratios. The DEIMOS wavelength coverage is not sufficient to look for potential [OIII] emission. GLASS in contrast has sufficient wavelength coverage in the G141 grism (these spectra are also shown in Figure 6 ). We do not detect any flux in the G141 spectra at λ ∼ 12685Å (marked by the central white circles in the G141 spectra in Figure 6 ) which would be the expected position of [OIII]λ5007 at z = 1.53. If the object is a low metallicity object at z = 1. 53 (Jones et al. 2015) , the non-detection of Hβ makes such a scenario very unlikely. Combining the fluxes in the individual spectra (see below) and using the 2σ flux limits at the location of [OIII], Table 3 . 'Low C & P' refers to an assumed low contamination and low purity of 40% (40%) and 60% (65%) for the Gold EL (Silver EL) sample, respectively. 'High C & P' refers to an assumed high contamination and high purity of 100% and 90%, respectively, for both the Gold EL and Silver EL sample. Fig. 6 .-The GLASS spectra of the confirmed Lyα emitter at z = 6.76 RXJ1347 01037 described in Section 7.1 and presented by Huang et al. (2015) . The white circles in the G102 spectra mark the position of Lyα. The central white circles in the G141 spectra mark the position of [OIII]λ5007, if the line was [OII]λ3727 at z = 1.35. The lack of [OIII] emission supports the interpretation that the G102 emission line is Lyα, given that a low-metallicity object at z = 1.35 would have [OIII]/[OII]> 1. The left and right-most white circles in the G141 spectra marks the location of CIVλ1549Å and CIII]λ1909Å at z = 6.76, respectively. We do not detect any significant CIV and CIII] emission from this object with line ratio limits of f CIV /f Lyα 0.36 and f CIII] /f Lyα 0.25.
the limit on the [OIII]/[OII]
ratio from the GLASS spectra becomes f 2σlim., [OIII] /f [OII] 0.32. Furthermore, the automatic line detection mentioned in Section 5 assigns a combined probability p(A > 0) = 0.999939, which corresponds to a 4.01σ detection, of a line at 9440 ± 50Å. Based on this probability, the non-detection of [OIII] and the [OIII]/[OII] flux ratio limit we conclude that the line detected in the GLASS and Keck-DEIMOS spectra is Lyα at z = 6.76, in agreement with the conclusion based on the line profile by Huang et al. (2015) , and strongly favored by the photometry. Given the Lyα emission and the redshift, the GLASS wavelength coverage allows us to search for CIVλ1549Å and CIII]λ1909Å emission at 12020Å and 14815Å (marked by the left-and right-most white circles in the G141 spectra in Figure 6 ). We do not detect any significant CIV or CIII] emission from RXJ1347 01037 in the GLASS spectra.
Estimating the Lyα line flux and equivalent width from the GLASS G102 spectra, we find (fluxes not corrected for magnification)
EW Lyα = 61 ± 24Å (7) for the S/N=2.6 line (PA 1 in Figure 6 ), and
EW Lyα = 88 ± 22Å (9) for the S/N=4.1 line (PA 2 in Figure 6 ), resulting in a combined line flux and equivalent width of f line = 2.6 ± 0.5 × 10 −17 erg/s/cm 2 (10)
These two estimates are in mutual agreement, but in tension with the line flux and equivalent width estimated from the DEIMOS spectrum by Huang et al. (2015) . They find a line flux of f line = 7.8±0.7×10
−18 erg/s/cm 2 and a Lyα equivalent width of EW Lyα = 26 ± 4Å. The GLASS and DEIMOS fluxes taken at face value differ by 4σ. We expect this difference to be caused by systematic uncertainties in the ground based DEIMOS spectrum, including those stemming from a combination of slit losses, absolute spectrophotometric calibration and sky line subtraction. From the Lyα estimates we find the following upper limits on the rest-frame UV emission line ratios from RXJ1347 01037:
Here we have again used the 2σ flux limit on CIV and CIII].
7.2. MACS2129 00899 Another object worth high-lighting is MACS2129 00899. It is a high confidence Lyα emitter candidate at z = 8.10 which shows emission lines in both of the G102 spectra at 11065Å. This wavelength is also covered by the G141 grisms, albeit at low sensitivity (see Figure 5 ). Despite the low sensitivity and relatively high contamination there appears to be a marginal detection of the line in one of the G141 spectra as well. The estimated flux and equivalent widths of the G102 lines are quoted in Table 3 and are in mutual agreement with combined line flux and Lyα equivalent width of
EW Lyα = 59 ± 21Å .
In the top panels of Figure 7 we show the G102 spectra with the Lyα line marked by the white circles. Consistent with the photometric selection criteria listed in Table 3 , the photometric redshift posterior distribution function (in the form of χ 2 ) shown in Figure 7 peaks at z ∼ 8. The spectral energy distribution templates fitting the photometry best are also shown in Figure 7 . This redshift estimate comes from an independent fit using a current version of zphot (Giallongo et al. 1998 ) based on independent HST and Spitzer photometry from SURFS-UP (Bradač et al. 2014 ) obtained following Huang et al. (2015) . As is often the case for z ∼ 8 galaxy candidates, a local χ 2 -minimum is also seen at redshift ∼2. In this case, the emission line could be [OII]λ3727 at z = 1.97, and the observed break would be the 4000Å break instead of the Lyα break. However, if the lower redshift solution were correct, [OIII] λ5007 would fall at 14870Å. As was the case for RXJ1347 01037, we do not detect any [OIII] emission in the GLASS G141 spectra, which supports the interpretation of the G102 emission feature as Lyα at z = 8.1. We do not detect any CIV at 14095Å in the G141 spectra for this sources either (CIII] will fall at 17371Å which is outside the G141 wavelength coverage). The limit on the CIV/Lyα flux ratio obtained from the GLASS spectra is f 2σlim., CIV /f Lyα 0.64, where we have again used the 2σ limiting flux for CIV. This limit is in good agreement with current estimates of CIV/Lyα flux ratios at intermediate and high redshift (Shapley et al. 2003; Erb et al. 2010; Stark et al. 2014 Stark et al. , 2015a , which are generally less than 0.6.
If confirmed, this would be one of the highest redshift sources known to date, together with the recent z = 8.7 galaxy confirmed by Zitrin et al. (2015b) and the z = 8.2 γ-ray burst presented by Salvaterra et al. (2009) and Tanvir et al. (2009) . However, due to the relatively low resolution of the HST grisms and the low S/N of the lines presented here, deep high resolution spectroscopic follow-up is needed to confirm the high-redshift nature of this source, or deeper photometry to further improve the photometric redshift estimate.
7.3. Two Potential z ∼ 10 Objects As presented in Table 3 , RXJ2248 00404 and MACS1423 01018 of the Silver EL sample appear to have emission lines at 1.32µm and 1.37µm, respectively. If these lines are confirmed to be Lyα this would place these objects at z ∼ 10. Figure 8 shows the G141 spectra, Fig. 7. -The GLASS G102 spectra (top panels), photometry (central panel) and photometric redshift estimate χ 2 curve (bottom panel) for the candidate Lyα emitter at z = 8.1 MACS2129 00899. The photometry includes CH1 and CH2 IRAC 1σ upper limits from SURFS-UP (Bradač et al. 2014 ) obtained following Huang et al. (2015) . The black χ 2 curve in the bottom panel includes F160W, whereas the red curve does does not (F160W has potential contamination and therefore uncertain photometry). In both cases there are valid photometric redshifts around z ∼ 8 (black spectral energy distribution over-plotted the photometry in center panel) and z ∼ 2 (red spectral energy distribution over-plotted the photometry in center panel) with marginal statistical difference. The z ∼ 2 solution over-estimates the 1σ IRAC constraints. If the line was [OII]λ3727 at z = 1.97 we would expect to see [OIII] at roughly 14870Å. We do not detect any [OIII] emission in the GLASS G141 spectra, consistent with the z ∼ 8 solution.
marking the detected emission lines with white circles. Both objects are selected as photometric dropouts, i.e. selected based on a few detections red-wards of the Lyman break and non-detections in bands blue-wards of the break. In both cases the EAzY photometric redshift distributions have highly probable solutions at z ∼ 2-3, and the photometry is therefore inconclusive as to whether the objects are at high redshift or low redshift. If the emission lines are [OII] at z = 2.55 and z = 2.68 for RXJ2248 00404 and MACS1423 01018, respectively, this would agree with the EAzY p(z), and rule out the color selections placing them at redshift 8 and 9. In case the sources are at redshift 2-3, the drop in the NIR colors used to select them as high redshift galaxies could be attributed to the 4000Å break as opposed to the Lyman break, which is known to be one of the main contaminants of Lyman break galaxy samples. The resolution of Fig. 8. -The GLASS G141 spectra of the two potential line emitters at z ∼ 10 from the Silver EL sample. The white circles mark the detected line emission. The objects were selected as Lyman break dropouts. However, highly likely low-redshift solutions in the EAzY p(z) suggest that the lines could also be [OII] at z ∼ 2.6. Given the location of the lines at 1.32µm and 1.37µm the G141 spectrum does not cover [OIII] , and the resolution does not allow us to resolve the potential [OII] doublet or detect the asymmetry of Lyα. With the current data we can therefore not rule out the high-redshift scenario.
the G141 grism is too low to resolve the [OII] doublet or detect the asymmetry of the Lyα line, and we can therefore not distinguish between the two lines with the GLASS data. We do also not have the wavelength coverage to look for the [OIII] doublet, which would fall at 17775Å and 18426Å, respectively. In summary, the two potential z ∼ 10 objects might be contaminats showing [OII] emission at z ∼ 2.6, but without follow-up spectroscopy or deeper imaging we cannot rule out the highredshift Lyα scenario.
PHYSICAL PROPERTIES FROM Lyα EMITTERS
As described in the introduction, spectroscopically confirmed Lyα emitters at high redshift (and the nonconfirmations from follow-up campaigns) have proven very valuable for studying the early universe and the environment at the epoch of reionization (Pentericci et al. , 2014 Caruana et al. 2012 Caruana et al. , 2014 Treu et al. 2012 Treu et al. , 2013 Tilvi et al. 2014; Faisst et al. 2014) . In particular, confirmed Lyα emitters fix the redshift of the object resulting in improved prediction power from fitting stellar populations synthesis models to the photometry. Assuming a set of stellar population models (e.g., Bruzual & Charlot 2003; Maraston 2005) to generate spectral energy distributions for galaxies at the emission line redshift, and fitting them to the available photometry, can give estimates of physical quantities of the galaxies like, total stellar mass (the normalization between the observed flux and best-fit model), the star formation rate, metallicity and the age of the stellar populations, i.e. the galaxy (e.g, Labbé et al. 2006; Vanzella et al. 2011; Finkelstein et al. 2013; Coe et al. 2013 Coe et al. , 2014 Huang et al. 2015; Zitrin et al. 2015b; Oesch et al. 2015) . When performing the spectral energy distribution fitting, assuming a dust law can furthermore predict the dust content of the galaxy. This can be directly compared to the measured UV spectral slope, if available from the data (e.g., Oesch et al. 2015; Finkelstein et al. 2015b; Bouwens et al. 2015b) . Another direct comparison can be obtained from independently determining the star formation rate from scaling relations with the UV photometry (Kennicutt 1998; Madau et al. 1998) . As part of our study of IRAC-detected high-redshift galaxies presented by Huang et al. (2015) we estimated the physical properties of the confirmed Lyα emitter presented in Section 7.1. An important aspect of this study was the availability of ancillary Spitzer photometry from SURFS-UP (Bradač et al. 2014) . Photometry in the rest-frame optical falling in the Spitzer IRAC infrared bands for highredshift galaxies, has proven to be an important part of reliably predicting the physical properties of (highredshift) galaxies through spectral energy distribution fitting (e.g., Schaerer & de Barros 2010; Labbé et al. 2013; Smit et al. 2014b,a; Huang et al. 2015; Finkelstein et al. 2015a; Wilkins et al. 2015) Furthermore, fixing the redshift of the spectral energy distributions when fitting to photometry, can also be used as a test of the validity of potential low-redshift contaminants. If for instance the best-fit low-redshift model predicts a dusty red and old stellar population, it would be very unlikely to see strong [OII] emission, therefore making a high-redshift Lyα scenario more likely (Finkelstein et al. 2013; Coe et al. 2013) . Similar arguments can be used to rule out other lineemitting low-redshift contaminants. Fixing the redshift of high-redshift sources behind massive clusters, like the ones presented in the current study behind the GLASS clusters, is not only important for the study of individual sources and high-redshift galaxy populations. Knowing the redshift, i.e. the luminosity distance to any object, precisely, especially if it is multiply lensed, is also very valuable for lens modeling of the foreground clusters (e.g. Coe et al. 2013 Coe et al. , 2014 Zitrin et al. 2014) . Lastly, the sizes of high-redshift galaxies have also been shown to provide useful information about the environment and epoch they inhabit (Ono et al. 2013; Curtis-Lake et al. 2014; Holwerda et al. 2015) .
As exemplified by the objects described in Section 7, we expect several of the line emitters presented in Table 3 to be true Lyα emitters. However, as shown in Section 6, we also expect a considerable fraction of the objects to be contaminants resulting from either low-redshift line emitters or spurious line detections in the GLASS spectra. We therefore consider the current sample to be premature for a full spectral energy distribution study including comparing their inferred physical properties given the expected low purity of the presented sample. An in-depth study of the purely photometric Gold and Silver samples is beyond the scope of this work, as it would benefit greatly from the inclusion of ancillary Spitzer photometry and a detailed knowledge of the purity and completeness functions of the complex heterogeneous photometric samples. We defer such a study to a future publication when the full HFF data is available, and the SURFS-UP Spitzer data have been analyzed.
STACKING THE z 7 SPECTRA
The Lyα emission line has so far been the main restframe UV emission line used for spectroscopic confirmation of high (and to some extent low-redshift) galaxies due to its characteristic spatial profile, strength, and accessibility in the optical/NIR. However, over the last several years, searches for and studies of other rest-frame UV lines like CIVλ1549Å and CIII]λ1909Å have shown that these are potentially strong enough to complement Lyα in the identification and studies of galaxies close to the epoch of reionization, where the optical depth to Lyα is epxected to be high due to the increasingly neutral IGM (e.g., Stark et al. 2010 Stark et al. , 2011 Stark et al. , 2013 Stark et al. , 2014 Schenker et al. 2014) . Observations of sources at redshifts below 3 (Shapley et al. 2003; Erb et al. 2010; Stark et al. 2014; Rigby et al. 2015) suggest that, indeed, CIII] (which is not affected by the neutral hydrogen in the IGM), might be strong enough for detection with current facilities. As a 'proof of concept' two detections of CIII] (Stark et al. 2015b ) and one of CIV in Lyα emitters at z > 6 have recently been presented.
The CIII] emission is generally faint and therefore difficult to detect, and current estimates of f CIII] /f Lyα at z > 6 from Stark et al. (2014) are 0.2. In fact, Zitrin et al. (2015a) searched for CIII] in a small sample of high-redshift galaxy candidates but were unable to confirm any CIII] emission. In Table 2 objects from this search, overlapping with our samples have been marked by '*'.
Thus, even though it is challenging, a systematic search for the CIII] and CIV lines at redshifts close to the epoch of reionization would be extremely valuable to improve our understanding of the IGM and of the galaxies themselves. Detection of these UV lines would enable photoionization modeling of line strengths, improving our understanding of the stellar populations and metallicities of these galaxies ) and ultimately of their output of ionizing photons.
As shown in Figure 5 the GLASS spectra reaches limiting line fluxes of ∼ 5 × 10 −18 erg/s/cm 2 . At this depth, we do not detect CIII] or CIV emission in the Gold EL and Silver EL samples. To improve the S/N we stacked the GLASS spectra of the various samples to search for potential CIV and CIII] emission. Figure 9 shows the relevant parts of the rest-frame stacks (assuming the Lyα redshifts listed in Table 3 ) of the Gold EL sample. The position of Lyα CIV and CIII] is marked by the white circles. We do not detect any continuum break red-wards of the Lyα emission in the stacks of the dropouts presented here. We do not detect any CIV and CIII] emission either. From the Gold EL z = 7.2 stack we estimate the flux ratio limits between the rest-frame UV emission lines to be:
where we used 2σ limiting fluxes for CIV and CIII] estimated on the stacked spectra. The f Lyα was also measured directly from the stack as described in Section 4. -Cutouts of the stacked two-dimensional spectrum of the Gold EL emission line objects listed in Table 3 . The mean redshift of the shown stack is z = 7.2. The stacked Lyα marked by the white circle on the left, appears compact and is not resolved (see top panel of Figure 10 ). There is no detection of a continuum break red-wards of the Lyα line. The stacks show no detection of CIVλ1549Å and CIII]λ1909Å as indicated by the two right-most white circles.
These upper limits agree well with the f CIV /f Lyα ratios presented by ) and the f CIII] /f Lyα ratios for low-metallicity objects at intermediate and high z presented by Shapley et al. (2003) ; Erb et al. (2010) ; Stark et al. (2014 Stark et al. ( , 2015b which ranges from 0.1 to 0.6 and 0.1 to 0.3, respectively.
In addition to allowing us to look for rest-frame UV lines, the stacked high-S/N spectra enable us to further test the hypothesis that the majority of the emission is Lyα at high redshift. Following a line of arguments similar to what was presented in Section 7, we would expect significant [OIII] emission in the GLASS spectra, should the majority of the sources be low redshift [OII] emitters, with the photometric dropout caused by the 4000Å break. The stack does not show any flux excess at 5007Å rest-frame, and the line emission is therefore unlikely to come from low-redshift [OII] emission.
Including the Silver EL sample in the GLASS stack (or stacking the Silver EL objects separately) does not change any of the above conclusions.
THE SPATIAL EXTENT OF LYα AT z 7
A unique feature of the GLASS spectra is the high angular resolution, owing to the sharp HST point spread function (PSF) and the magnification by the foreground clusters. Thus, GLASS provides an opportunity to measure, for the first time, the angular extent of the Lyα emission. Spatial information is preserved in the extracted two-dimensional spectra and the spatial extent of emission lines can in principle be estimated.
From the z = 7.2 Lyα stack presented in Section 9 we extracted the spatial profile of the Lyα emission, by collapsing a 20Å window centered on the line in the dispersion direction (roughly the width of circle marking the Lyα emission in Figure 9 ). The resulting profile is shown in green in the top left panel of Figure 10 . In the same figure, the PSF of the data is shown in blue. The PSF was obtained by extracting the spatial profile from a stack of stellar spectra from the GLASS observations. We also extracted the spatial profile of the stacked NIR (rest-frame UV) images representing the continuum light profile of the stack. This profile is shown in the top right panel of Figure 10 . To determine whether the extent of Lyα and the rest-frame UV continuum deviates from the PSF, we modeled each of them as a Gaussian convolution of the PSF (G * PSF) times a constant C. By sampling values of the standard deviation of the Gaussian convo-lution kernels (σ G ) and estimating the minimum χ 2 as
we can quantify the deviation of the spatial profiles from the PSF. In the expressions above, P i,Lyα and P i,G * PSF refer to the i'th pixel in the spatial profiles of the Lyα (or rest-frame UV) and the convolved PSF, respectively. The σ 2 i,Lyα is the variance on the Lyα (or rest-frame UV) profile and the constant C is minimized analytically by setting ∂χ 2 /∂C = 0. The profiles of the convolved PSF minimizing χ 2 are shown as the red curves in Figure 10 and correspond to Gaussian convolution kernels with σ G = 1.0 +0.8 −1.0 pixels and σ G = 1.4 +0.7 −0.6 pixels for the Lyα and rest-frame UV spatial profiles, respectively. Hence, both profiles are only marginally resolved, and there is no indication that the Lyα is more extended than the UV light in the stack.
Several authors (e.g., Steidel et al. 2011; Finkelstein et al. 2011; Matsuda et al. 2012; Momose et al. 2014; Wisotzki et al. 2015) have shown that the Lyα emission is 5-15 times more extended than the continuum emission at redshifts z 6. Taking the results from GLASS at the face value, the z = 7.2 would seem to indicate more compact emission than at lower redshift. However, as described in the following section, the sensitivity of the GLASS stack is insufficient to detect the extended Lyα emission and we are thus most likely only seeing the high surface brightness core.
Comparison to the LARS Sample
To quantify our ability to detect extended Lyα emission in our GLASS z = 7.2 stack, we carry out a systematic comparison with the rest-frame UV and Lyα emission in the Lyα reference sample (LARS) galaxies presented by Hayes et al. (2013 Hayes et al. ( , 2014 Hayes et al. ( ) andÖstlin et al. (2014 .
The LARS sample consists of 14 low-redshift (all with z < 0.2) star forming (SFR FUV > 0.5M /yr; Hayes et al. 2014 ) Lyman break galaxy analogs. It has been observed extensively with HST from the UV to the optical (cf. Table 4 inÖstlin et al. 2014). The wealth of data has enabled the creation of high-resolution rest-frame UV, Lyα, Hα and Hβ maps, suitable for comparison with low, as well as high redshift counterparts. Following the prescription outlined by Guaita et al. (2015) , we simulated the observations of 12 of the LARS galaxies redshifted to z = 7.2, the mean redshift of the GLASS stack (we also simulated z = 7 and z = 7.4 to verify the redshift sensitivity and found it to be negligible). We did not include LARS04 and LARS06, as they do not show any Lyα emission within the HST field of view.
In practice, the HST images of the LARS galaxies were resampled to a 0. 04 pixel scale (similar to the 0. 06 used for the GLASS interlacing), corresponding to ∼ 0.2kpc at z = 7.2, fixing the physical size and preserving flux as outlined by Guaita et al. (2015) . After resampling, the Lyα and rest-frame UV emission was isolated via continuum subtraction using the 'continuum throughput normalization' (CTN) factor as described by Hayes et al. (2005 Hayes et al. ( , 2009 . The continuum-subtracted emission maps were then scaled based on luminosity distance and surface brightness dimming, (e.g., Bouwens et al. 2004 ). For more details on the LARS sample and the high redshift simulations we refer the reader to Hayes et al. (2013 Hayes et al. ( , 2014 Östlin et al. (2014) and Guaita et al. (2015) .
The individual spatial profiles of the LARS galaxies were produced by collapsing the UV and Lyα images after an arbitrary rotation around the rest-frame UV emission centroid. For each galaxy, these individual profiles were aligned and combined to a main spatial UV and Lyα profile for each of the 12 galaxies. This essentially corresponds to stacking 12 samples of N 'different' galaxies. The medians of these 12 rest-frame UV and Lyα profiles are shown at a simulated redshift of 7.2 in magenta in the bottom panels of Figure 10 . The shaded regions show the 68% spread of the 12 profiles. Comparing these profiles to the GLASS rest-frame UV and Lyα taking the median error on the GLASS stacks into account (horizontal gray band), it is clear that in most cases the extended Lyα emission would not be detectable in the GLASS stack. Only the central high surface brightness peak appears detectable with the GLASS sensitivity. In this simulation we have neglected the effect of magnification. If we scale up the LARS galaxies by the average linear magnification √ µ ∼ 1.5 ± 1.0 the effect is unchanged. If we only consider the LARS LAEs (EW Lyα > 20Å), the conclusions do not change either. A similar conclusion is reached by comparing the surface brightness profiles and uncertainties of the GLASS stack with the Lyα surface brightness profiles presented by Momose et al. (2014) and Wisotzki et al. (2015) , even though both of these studies are only considering redshifts lower than 7.
SUMMARY
In this paper we have presented a systematic search for Lyα emission from galaxies at the epoch of reionization. We have analyzed the GLASS spectroscopy of 159 photometrically pre-selected z 7 galaxy candidates lensed by the first six clusters observed as part of GLASS. Our main results can be summarized as follows:
1. From visual inspection of all 159 spectra, we find emission features consistent with being Lyα in 24 objects. Assuming the lines are all Lyα, the mean redshift of the emission line sample is 7.3 (7.2 and 7.4 for the Gold EL and Silver EL sample, respectively), with a few candidates above z ∼ 8. By comparison with automatic line detection results, we estimate the completeness of this sample to be 40-100% with a purity of 60-90%. Deeper spectroscopic follow-up is needed to improve the estimates of completeness and purity.
2. One of the candidates has been confirmed spectroscopically with DEIMOS on Keck. The long wavelength coverage of the GLASS grism allows us to confirm that the line is indeed Lyα and not [OII] at lower redshift.
3. The most compelling candidate at z > 8, is detected independently in both of the G102 grism LARS stacks median rest-frame UV profile GLASS stack rest-frame UV profile Median GLASS error Fig. 10. -The spatial profiles of the stacked Gold EL Lyα emitters at z = 7.2 (left, green curve) and their observed NIR (rest-frame UV) direct images (right, green curve). In the top panels these profiles are compared to the PSF represented by the spatial profile of stars (blue curves) in the GLASS filed-of-views. The red curves show the convolved PSF (multiplied by a constant C) that minimizes the χ 2 between the PSF and the data. Both the Lyα and the rest-frame UV profiles from the GLASS stacks are unresolved. Hence, taken at the face value, there is no evidence that the spatial extent of Lyα is more extend than the UV light in the GLASS stack. The bottom panels show a comparison to the median LARS Lyα and rest-frame UV profiles at z = 7.2 cf. Section 10.1. The shaded area around the profiles shows the 1σ spread of the individual profiles. The median error on the GLASS stacks (from the top panel's green shaded region) is represented by the gray band. Based on this comparison, we conclude that the extended Lyα emission surface brightness typical of lower-redshift Lyman break galaxies is too faint to be detected in this GLASS stack. spectra (and marginally in one of the G141 spectra).
The total line flux is 1.0 ± 0.3 × 10 −17 erg/s/cm 2 and the wavelength of the emission line corresponds to Lyα at z = 8.10, consistent with the photometric redshift. Follow-up spectroscopy or deeper imaging is needed to confirm the candidate.
4. The number of emission line detections is consistent with the expectations based on our knowledge of the Lyα emission probability for Lyman Break Galaxies at z ∼ 7, although the uncertainties are large. The full analysis of the GLASS sample together with a homogenous selection based on the Hubble Frontier Field HST (and SURFS-UP Spitzer IRAC) imaging dataset is necessary to carry out a more quantitative analysis, and measure the Lyα optical depth to z ∼ 7 and z ∼ 8 sources.
5. From a stack of the most promising Lyα emitters we derive the spatial profile of Lyα at z = 7.2. The stacked Lyα profile is comparable in size to that of the continuum UV emission, and only marginally resolved with respect to the point spread function. Diffuse Lyα, if present, is below our surface brightness detection limit. We show that this is consistent with the properties of galaxies at lower redshift, by simulating observations of the low redshift LARS Lyman break galaxy analogs at z = 7.2.
6. We do not detect any CIV or CIII] emission in the z = 7.2 stack, down to a 1σ Lyα limit of 2 × 10 −18 erg/s/cm 2 (not corrected for magnification).
In conclusion, our search has confirmed that Lyα is getting harder and harder to detect as we approach the epoch when the universe is in large part neutral. The space-based data guarantee that this is not due to the unfortunate coincidence of sky emission lines and redshifted Lyα. However, the extreme faintness of these lines requires even deeper follow-up spectroscopy, in order to make progress, by improving our estimates of completeness and purity. Higher spectral resolution data would also help remove contamination by detecting the characteristically asymmetric Lyα profile. We have published this first sample as quickly as possible with the aim of fostering follow-up efforts. Currently, two multiple imaged systems at high redshift have been spectroscopically confirmed in the six clusters analyzed in this work. In RXC J2248.7-4431 Boone et al. (2013) and Balestra et al. (2013) presented spectroscopy of a multiple imaged system at z = 6.1 and Vanzella et al. (2014b) confirmed a system in MACS J0717.5+3745 at z = 6.4. In Table 5 we list the individual components of these systems detected in the GLASS data. Due to their z ∼ 6 redshifts, these objects were not included in the sample of dropouts studied in this paper. As expected, the main components have photometric redshift estimates around 6 as shown by the 1σ intervals from EAzY quoted in Table 5 .
We list the apparent position of the Lyα emission line in the GLASS G102 spectra, and the corresponding redshift. In a few cases, significant flux contamination at the location of Lyα make the flux estimates, and hence the equivalent widths, only tentative. In Figure 11 we compare the equivalent widths from GLASS with the values quoted in the literature.
Combining the equivalent width for the pairs of GLASS spectra we find EW Lyα = 45 ± 6Å, EW Lyα = 58 ± 9Å and EW Lyα = 61 ± 16Å for RXJ2248 00699, RXJ2248 00845, and RXJ2248 01752, respectively. These all agree within 1σ of each other. However, when comparing RXJ2248 00699 GLASS equivalent widths with the equivalent width published by Balestra et al. (2013) , we find a discrepancy of 5.7σ. If we combine the 6 (3 sources x 2 PAs) GLASS equivalent widths we get EW Lyα = 55 ± 5 and this discrepancy shrinks to 4.8σ. For MACS0717 02068 we find a combined Lyα equivalent width of EW Lyα = 106 ± 26Å which is within 2.4σ of the 45Å estimated for this source by Vanzella et al. (2014b) .
In summary, the individual GLASS estimates are self-consistent but seem to disagree somewhat with the groundbased measurements for the RXC J2248.7-4431 system. This discrepancy might also be explained by a combination of slit losses and the challenging modeling of the contamination and background subtraction in the GLASS spectra.
B. THE AUTOMATIC LINE DETECTION SIGNIFICANCE FOR THE EMISSION LINE SAMPLES
In Table 6 we quote the line detection significance from the Bayesian line detection algorithm described in Section 5 and Maseda et al. (2015) applied to the emission line sample from Table 3 . The quoted values correspond to the maximum p-values in the ± 50Å range around the visually detected emission lines given in the 'λ lines ± 50Å' column of Table 6 (and Table 3 ).
C. ESTIMATING PURITY AND COMPLETENESS
In this appendix we describe in detail the procedure adopted to estimate the purity and completeness of the visual and automated line detection. Here the completeness is defined as the number of detected lines divided by the number of lines from the selected galaxies above some flux limit. The purity is the number of actual lines divided by the number of detected lines. Hence, the completeness here only refers to our ability to detect emission lines among the selected galaxies, and is therefore independent of the purity and completeness of the photometric pre-selections described in Section 3.1.
Let us write the notation for a single sample, using numerical examples from the Gold sample, when necessary, and for 3σ detections. Assuming that there are N w lines above the flux limit that are well described in their morphology by the UV continuum and N n that are not, the number of detections by the automated procedure will be Note. -Flux and EW estimates are tentative due to high contamination in the GLASS spectra. µ gives the magnifications of the HFF clusters obtained as described in Section 4. R X J 2 2 4 8 0 0 6 9 9 P A = 0 5 3 R X J 2 2 4 8 0 0 6 9 9 P A = 1 3 3 R X J 2 2 4 8 0 Table 5 . The equivalent widths estimated by Balestra et al. (2013) and Vanzella et al. (2014b) are marked by the dotted and dashed lines, respectively. The shaded regions indicate the quoted uncertainties. The gray dots represent GLASS spectra with severe contamination at the location of Lyα making the GLASS equivalent width estimates only tentative. The arrow indicates that the tentative estimate of MACS0717 00846 at PA=020 is outside the plotted range. The equivalent width estimates from the GLASS spectra generally agree with each other. There is marginal agreement with the Vanzella et al. (2014b) estimates, whereas the GLASS equivalent widths are generally lower than the estimate from Balestra et al. (2013) .
where c a is the completeness of the automated procedure, f s,a is the rate of spurious detections per spectrum, and N G is the total number of spectra to be analyzed. The equivalent for the visual inspection procedure will be
For the Gold sample the numerical values are N G = 48, and N d,v = 8. Analysis of the output of the automated detection software, yields N d,a = 11 above 3σ, after removing obviously spurious features at low grism sensitivity regions and from contamination subtraction residual. Roughly 60% of these lines were not picked up by the visual classification described in Section 3.3. One of these lines is the confirmed Lyα emitter RXJ1347 01037 (see Section 7). We know from our analysis of the spectra in empty parts of the sky that f s,a = 4/26 = 0.15
−0.07 . Considering 3σ detections we can assume that c a = 1 for all practical purposes. Thus, N w = N d,a − f s,a N G = 3.6 ± 4.5 .
Since N w is positive, we conclude it is in the range 0 to 8. In order to estimate the other quantities, we make use of the fact that approximately 40% of the lines detected automatically are also detected visually. Thus 
To solve this, we can assume conservatively that the human eye rejects with equal probability true and false positives, so that c v = 0.4 and f s,v = 0.4f s,a = 0.06. Alternatively we could optimistically assume that human eye is better at removing false positives, and therefore f s,v is as small as possible (0.02) and c v = 1. This gives us a range of solutions for c v and f s , with the visual completeness being between 40% and 100%. The number of lines in the sample not Note. -The individual pmax values represent the maximum p-value in the range λ lines ± 50Å. The σtot is the individual significance estimates (σ) summed in quadrature.
well-described by the UV flux, that could potentially be detected is thus
ranging from 9 to 3 for the values of completeness estimated above. We can use the numbers derived here to assess the total purity of the sample, i.e. the fraction of true positives amongst the visual detections as
which ranges between 60-90% for the assumptions about completeness given above. Repeating the arguments for the Silver sample with N d,v = 16, N G = 87, gives purity in the range 65-90% for the same assumptions about completeness.
